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Abstract
FastSound is a galaxy redshift survey using the near-infrared Fiber Multi-Object Spectrograph
(FMOS) mounted on the Subaru Telescope, targeting Hα emitters at z ∼ 1.18–1.54 down to the
sensitivity limit of Hα flux ∼ 2× 10−16 erg cm−2s−1. The primary goal of the survey is to detect
redshift space distortions (RSD), to test General Relativity by measuring the growth rate of
large scale structure and to constrain modified gravity models for the origin of the accelerated
expansion of the universe. The target galaxies were selected based on photometric redshifts
and Hα flux estimates calculated by fitting spectral energy distribution (SED) models to the
five optical magnitudes of the Canada France Hawaii Telescope Legacy Survey (CFHTLS)
Wide catalog. The survey started in March 2012, and all the observations were completed
in July 2014. In total, we achieved 121 pointings of FMOS (each pointing has a 30 arcmin
diameter circular footprint) covering 20.6 deg2 by tiling the four fields of the CFHTLS Wide in
a hexagonal pattern. Emission lines were detected from ∼ 4,000 star forming galaxies by an
automatic line detection algorithm applied to 2D spectral images. This is the first in a series
of papers based on FastSound data, and we describe the details of the survey design, target
selection, observations, data reduction, and emission line detections.
Key words: techniques: spectroscopic — surveys — galaxies: distances and redshifts — cosmology:
large-scale structure of universe — cosmology: observations
1 Introduction
High precision cosmological observations, such as the distance-
redshift relations obtained using type Ia supernovae and baryon
acoustic oscillations, the anisotropy of the cosmic microwave
background, and the large scale clustering of galaxies have es-
tablished the ΛCDM model (a universe with a non-zero cosmo-
logical constant Λ and cold dark matter) as the best description
of our expanding Universe (see e.g., Peebles & Ratra 2003;
Frieman, Turner, & Huterer 2008; Weinberg et al. 2013; Planck
Collaboration et al. 2014). This result emerges from the fact
that the Universe experienced a transition from decelerating to
accelerating expansion around z ∼ 1. The origin of this unex-
pected acceleration is one of the greatest problems in physics
and astronomy. It may be a result of an exotic form of energy
with negative pressure, Λ being one example, but the problems
of its smallness and fine tuning still remain unsolved. Another
possibility is that the general theory of relativity (GR) is not ad-
equate to describe the dynamics of spacetime on cosmological
scales. If this is the case, we expect the growth rate of large scale
structure to show a deviation from the GR prediction. Therefore
measurements of the growth rate of structure at various redshifts
provides a good test of this hypothesis.
One important observable for measuring the growth rate is
the redshift space distortion (RSD) effect in galaxy redshift sur-
veys. Galaxy 3D maps constructed using redshift-space dis-
tances are distorted with respect to those in real-space due to
the line-of-sight component of the peculiar velocities of galax-
ies (Kaiser 1987). Isotropic statistics in real-space, such as the
two-point correlation function or the power spectrum, develop
an apparent quadrupole anisotropy in redshift space, the magni-
tude of which is sensitive to the velocity power spectrum whose
amplitude depends on the quantity fσ8 = dσ8/d(ln a). Here
a is the scale factor of the Universe and σ8 is the rms ampli-
tude of density fluctuations smoothed by a top-hat filter with a
comoving radius of 8h−1 Mpc. The growth rate is well approx-
imated by f(z) ∼ Ωm(z)γ where γ is referred to as the growth
index parameter and Ωm is the dimensionless matter density.
The value of γ=0.55 in GR, while other gravity theories predict
different values of γ (Linder 2005). Comparison between the
observed value of fσ8 and its theoretical prediction at various
redshifts is a good test of GR on cosmological scales (Song &
Percival 2009), assuming that galaxy biasing is linear. This test
has already been performed at z < 1 using data from a number
of galaxy redshift surveys (Hawkins et al. 2003; Guzzo et al.
2008; Blake et al. 2011; Samushia et al. 2012; Reid et al.
2012; Beutler et al. 2012; ?; Beutler et al. 2014). The stan-
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dard ΛCDM model is found to be consistent with the observed
values of fσ8 and its evolution.
A next important step for this test is to reduce the statistical
error on fσ8 using larger galaxy surveys at z < 1, or to ex-
tend the fσ8 measurements to even higher redshifts. At higher
redshifts, nonlinearities on the physical scales of interest are
smaller than they are today, which can result in a cleaner mea-
surement of fσ8. Moreover, at high redshifts, f ∼ 1, and RSD
is directly sensitive to σ8, thus providing a baseline for lower
redshifts measurements. RSD has been detected at z ∼ 3 using
Lyman-break galaxies (Bielby et al. 2013), at the significance
of ∼ 2σ level. The principal aim of the FastSound1 galaxy red-
shift survey is to measure fσ8 at z∼ 1.18–1.54 for the first time
by detecting RSD using the near-infrared Fiber Multi-Object
Spectrograph (FMOS) mounted on Subaru Telescope.
The FMOS instrument has 400 fibers in a 30-arcmin diame-
ter field-of-view, and covers the wavelength range 0.9–1.8 µm
in its low-dispersion mode; for FastSound we use the higher-
throughput higher dispersion mode working in the H-band and
covering 1.43–1.67µm. This allows us to reach the z > 1 uni-
verse by detecting bright Hα λ6563 emission lines from star-
forming galaxies. FMOS uses a novel fiber positioning system,
called “Echidna”, which is driven by a saw-tooth voltage pulse
sent to the piezoelectric actuator, in order to populate 400 fibers
in a limited space of 15 cm diameter. The atmospheric OH
emission lines are hardware-blocked using an OH mask mirror,
thus eliminating a dominant noise source in the near-infrared
region.
All the FastSound observations have been completed as the
Subaru Strategic Program for FMOS (PI: T. Totani), using 35
nights from March 2012 to July 2014. About 4,000 emission
line galaxies were detected with S/N ≥ 4.0 in the total sur-
vey area of 20.6 deg2 [121 FMOS field-of-views (FoVs)], and
more than 90% of them are considered to be Hα emitters with
a median redshift of z ∼ 1.4. It is expected that RSD will be
detected at ∼ 4σ level from this data set (Paper IV, Okumura et
al., in preparation). In addition to enabling a RSD measurement
for cosmology, this sample will also provide fresh insights into
the evolution of the star formation and metallicity of galaxies at
intermediate redshift.
In this paper, we present an overview of FastSound, espe-
cially focusing on the survey design, the details of observations
and data reductions. We describe the observed survey fields in
§2, and the target selection based on photometric redshift and
Hα flux estimates in §3. In §4, we present details of our FMOS
spectroscopic observations. This is followed in §5 by a descrip-
tion of the data processing using the standard FMOS data reduc-
tion pipeline (FIBER-pac; Iwamuro et al. 2012) and automated
1 The name is composed of two acronyms: one a Japanese name “FMOS
Ankoku Sekai Tansa” (FMOS ŁET, meaning FMOS dark Universe survey),
and the other an English name “Subaru Observation for Understanding the
Nature of Dark energy”.
emission line search by the software FIELD (Tonegawa et al.
2014b). Finally, we present a brief summary in §6. Throughout
this paper, all magnitudes are given in the AB system, and coor-
dinates in the equinox J2000.0 system. We adopt a standard set
of the cosmological parameters: (Ωm,ΩΛ,h) = (0.3,0.7,0.7),
where h is H0/(100km/s/Mpc).
2 Survey Fields
The spectroscopic targets for FastSound were selected from the
four fields (W1–W4) of the Canada-France-Hawaii Telescope
Legacy Survey (CFHTLS) Wide Fields which cover an area of
∼170 deg2 in total with five optical band filters of u∗,g′,r′,i′,z′
(Goranova et al. 2009). FastSound spans a total of 20.6 deg2 in
these fields. Figure 1 shows the FastSound footprints in the four
fields. The FastSound observation regions were chosen so as to
maximize its legacy value (i.e., overlap with existing data). In
CFHTLS W1, the survey data of HiZELS (Geach et al. 2008;
Sobral et al. 2009), SXDS (Furusawa et al. 2008), UKIDSS-
DXS and UDS (Lawrence et al. 2007), VVDS Deep (Le Fe`vre
et al. 2005) and Wide (Garilli et al. 2008), VIPERS (Guzzo et
al. 2014), and CFHTLS Deep 1 Field overlap with FastSound.
Similarly, the FastSound region in W3 overlaps with the DEEP3
(Cooper et al. 2011) field, and that in W4 overlaps with the
UKIDSS-DXS and VVDS Wide fields. Such overlaps would be
useful to better understand the physical properties of emission
line galaxies detected by FastSound [e.g., stellar mass from NIR
data, see Paper III (Yabe et al. 2015) for a study of the mass-
metallicity relation].
For FastSound, we adopted a gapless tiling pattern of
hexagons inscribed in the FMOS circular FoV of 30 arcmin
diameter, as illustrated in Figure 1. The differences of RA
and DEC between two neighboring hexagons satisfy ∆(RA)
cos(DEC) = √3r and ∆(DEC) = (3/2)r, where r = 0.25 deg is
the radius of the FMOS FoV. The FastSound FoV-ID is related
to the central point coordinates by the running integers i and j
such that
FoV ID number = Aki+ j+Bk (1)
DEC = dk − 3
2
ri (2)
RA′ = r1,k+
√
3rj±
√
3r
2
δi (+:W1,W4, −:W2,W3) (3)
RA= r2,k +
RA′
cos(DEC)
(4)
where δi = 0 (for even i) or 1 (for odd i), Ak and Bk are in-
tegers, while dk, r1,k, and r2,k are non-integers. These are de-
fined in Table 1 for the k-th field of CFHTLS-W (k= 1–4). The
ranges of i and j are also given in the Table. Because Ak means
the number of grids in j (i.e., jmax,k− jmin,k +1), one can cal-
culate RA and DEC if the field ID number is given, by finding
i and j as the quotient and remainder of (ID −Bk) divided by
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Fig. 2. The Galactic extinction map [E(B− V ) from Schlegel et al. 1998]
in each of the four FastSound survey fields.
Ak. The FastSound FMOS FoVs are then specified by the field
ID (W1–4) and the FoV ID; for example, the W1 030 FoV has
i = 1 and j = 9, and its central coordinates are (RA, DEC) =
(34.5137, −4.5000) in degrees.
The survey was originally planned to cover approximately
the same area for the four fields of W1–4, but because of
weather conditions and/or telescope/instrument problems, there
is a considerable difference in the areas actually observed in
each of the fields: 10, 39, 54, and 18 FoVs in the W1–4 fields,
respectively. The footprints of FastSound observations are indi-
cated in Figure 1, with different colors for different FastSound
observing runs.
3 Target Selection
After an examination of various selection methods for
FastSound (Tonegawa et al. 2014a), we chose the photomet-
ric redshift and star formation rate estimate based on SED fit-
tings to the five CFHTLS-W optical bands as the FastSound
target selection criteria. We started from the z-band selected
CFHTLS galaxy catalog produced by Gwyn (2012). We used
the MAG AUTO magnitudes, and the limiting magnitudes are
26.0, 26.5, 25.9, 25.7, and 24.6 for u∗g′r′i′z′ respectively
at 50% completeness level for point sources (Gwyn 2012).
Magnitudes corrected for the Galactic extinction using the
E(B−V ) map of Schlegel et al. (1998) were used in the fol-
lowing procedures of target selection. The extinction maps in
the FastSound survey regions are displayed in Figure 2. The
W4 field has higher extinction (E(B−V ) = 0.065 on average)
than the other fields (E(B−V ) = 0.012–0.024 on average).
We used the official CFHTLS photometric redshifts (zph)
provided for galaxies brighter than i′ = 24.0 (Ilbert et al. 2006;
Coupon et al. 2009) 2. We also considered galaxies for which
official zph’s are not provided, as potential FastSound targets.
We determined the photometric redshifts of these galaxies in the
following manner. We used the public code LePhare (Arnouts
et al. 1999; Ilbert et al. 2006), with the same templates and
parameters as those for the CFHTLS official photo-z calcula-
tion. Photo-z training (i.e., zero-point correction for the input
photometry) was performed using VVDS Deep and Wide data
(Le Fe`vre et al. 2005; Garilli et al. 2008). LePhare provides
the best-fit (minimum χ2) zmin and the median of likelihood
distribution zmed as estimates of zph. While zmed was used
as the CFHTLS official photometric redshift, zmin was adopted
for galaxies calculated by us. (We noticed this difference after
the survey started.) Galaxies whose photo-z’s were calculated
by us are relatively faint compared with those with the official
CFHTLS photo-z’s, comprising 4.7% of all the final FastSound
target galaxies and 1.9% of the emission line galaxies detected.
The latter fraction is lower than the former, probably because
emission lines of fainter galaxies in i′ are weaker and hence
more difficult to be detected by FMOS.
There is a tight correlation between star formation rate (SFR)
and Hα, and Hα is widely recognized as the best star forma-
tion rate indicator of galaxies (Kennicutt 1998). Therefore es-
timates of SFR are also important for efficiently selecting Hα
emission line galaxies. However, the SED templates used in
the photo-z calculation are empirical ones, and hence cannot be
used to infer a SFR. Therefore we have also performed SED
fitting with the theoretical PEGASE2 templates (Fioc & Rocca-
Volmerange 1999) assuming the Scalo IMF (Scalo 1986) and
the solar metallicity, again using LePhare, with redshifts fixed
at zph calculated using the empirical templates. Model tem-
plates have exponential star formation histories with decaying
timescales of 0.1–20 Gyr and ages of galaxies in the range of
0.3–10 Gyr. The extinction is assumed to be the Calzetti law
(Calzetti 2000). We then estimated Hα luminosities from SFR
and E(B−V ) calculated by LePhare (best-fit values at the χ2
minimum), as
log (LHα/[erg/s]) = 40.93+ log (SFR/[M⊙/yr])
−0.4AHα. (5)
The conversion factor 40.93 was derived by comparing the
spectroscopic Hα line luminosities of the SDSS galaxies with
those estimated by photometric fittings, using the method of
Sumiyoshi et al. (2009). The value is different from that of
2 http://terapix.iap.fr/
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Fig. 1. The footprints of the observed FastSound field-of-views (FoVs). FMOS FoVs (shown by red circles, 30 arcmin diameter) are arranged in a continuous
hexagonal tiling. The FMOS FoV field IDs are indicated in each FoV. FoVs actually observed by FastSound are filled by different colors corresponding to
different observing periods, as indicated in the figure, while the white FoVs were not observed.
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Table 1. The parameters relating the FMOS FoV ID numbers and the central coordinates
k Ak Bk dk r1,k r2,k imin imax jmin jmax
1 20 1 −4.125 −4.1 34.5 0 14 0 19
2 11 1 −1.25 −2.19 134.5 0 11 0 10
3 14 1 57.5 −2.72 214.5 0 16 0 13
4 6 6 1.5 0.0 333.5 0 6 −1 4
Note: dk, r1,k, and r2,k are in units of degrees.
Kennicutt (1998) and Sumiyoshi et al. (2009), because of the
use of the Scalo IMF rather than the Salpeter IMF. Here, extinc-
tion of Hα photons is expected to be larger than that for stellar
radiation, and AHα is related to stellar AV using the prescrip-
tion discussed in Cid Fernandes et al. (2005). The stellar AV
is estimated from E(B−V ) obtained from the SED fitting, as-
suming the Calzetti law again. Finally logLHα is converted to
Hα flux assuming the photometric redshifts.
We selected galaxies at 1.1 < zph < 1.6, according to the
redshift range of Hα (1.18 ≤ z ≤ 1.54) corresponding to the
observing wavelength range of FastSound (1.43–1.67 µm using
the high resolution mode of FMOS). The range 1.1 < zph <
1.6 is wider than the wavelength coverage of FMOS, to al-
low the zph range to span the wavelength coverage, includ-
ing the uncertainties in zph. The typical error, σ∆z/(1+zs) ≡
1.48×median(|∆z|/(1+ zs)), is 0.08 for galaxies in our pilot
observing run (Tonegawa et al. 2014a).
We further selected galaxies satisfying 20.0< z′ < 23.0 and
g′ − r′ < 0.55; these conditions were introduced to increase
the success rate of emission line detection by FMOS, based on
past experience (see Tonegawa et al. 2014a). Finally, we set a
threshold for the estimated Hα flux, to select a required num-
ber of Hα bright galaxies. In FastSound, each FMOS FoV is
visited only once with one fiber configuration, and hence the
threshold flux is set so that the number of target galaxies within
FMOS FoV is about ∼ 500, slightly more than the number
of FMOS fibers, allowing for dropouts due to the fiber colli-
sion or the density contrast of galaxies. A fixed threshold flux
is adopted within one of the four CFHTLS Wide fields, but
it is different for different fields: 1.0× 10−16 erg cm−1 s−1
for W1/W2, 1.1 × 10−16 erg cm−1 s−1 for W3, and 0.9 ×
10−16 erg cm−1 s−1 for W4. This final galaxy sample within
each FMOS FoV is sent to the fiber allocation software of
FMOS. (In this work we call this sample as the target galax-
ies in FastSound, which is different from the galaxy sample that
were actually observed by FMOS, because fiber allocation is
not complete. See §4.2.) The u∗g′r′i′z′ magnitude distribution
of the target galaxies and fiber-allocated galaxies compared to
all CFHTLS-Wide objects in the survey footprint is displayed
in Figure 3. Our target selection is biased towards blue star-
forming galaxies, but this is not a serious problem for fσ8 mea-
surement within the linear regime, as mentioned in §1.
4 Observations
4.1 Basic Strategy
FMOS has two modes for fiber configuration: the normal-beam
switch (NBS) mode and the cross-beam switch (CBS) mode. In
NBS mode, all the 400 fibers are allocated to target objects in
an on-source exposure, and then the FoV is offset to observe
the off-source sky background, with the same fiber configura-
tion. In CBS, on the other hand, the fibers are split into two
groups of 200 fibers, and one observes targets while the other
observes the sky background. Two exposures are taken for one
target set, exchanging the role of two fiber groups. The CBS
mode has the advantage of shorter observing time required to
achieve a fixed S/N when targets are less than 200 in a FoV.
However, CBS has the disadvantage of more complicated fiber
configuration, resulting in a smaller number of allocated spines
than NBS. Therefore we chose NBS for the FastSound project.
FMOS provides two different spectral resolution modes: the
low-resolution (LR) mode and the high-resolution (HR) mode.
The LR mode covers 0.9–1.8 µm with a typical spectral resolu-
tion of R ∼ 500, while HR covers a quarter of the wavelength
range covered by LR with R ∼ 2200 where R = λ/∆λ and
∆λ denotes FWHM. The HR mode was chosen for FastSound
because in LR the additional volume-phase holographic (VPH)
grating used to anti-disperse spectra decreases the instrumen-
tal throughput by a factor of about two (Kimura et al. 2010).
The wavelength range was set to be λ = 1.43–1.67 µm (called
H short+), corresponding to Hα λ6563 at z = 1.18–1.54. In
the H short+ wavelength range, the spectral resolution changes
within the range of R ∼ 2000–2700, with the typical value of
2400. The detector size is 2k×2k, and hence the pixel scale is
∼ 1.1 A˚/pix.
The FastSound survey observed each FMOS FoV with a sin-
gle set of fiber configuration including ∼ 400 targets, selected
by the procedures described in the previous section. The light
from the targets collected by the 400 fibers of FMOS is sent
to the two spectrographs, IRS1 and IRS2, each of which pro-
duces about 200 spectra. For each FoV we observed two sets of
15 min on-source and 15 min off-source, i.e., total 30 min on
source. Including 30 min of overhead, each FoV typically took
about 90 min, allowing us to observe about 6 FoVs per night.
Sometimes three or more source frames were taken in one FoV,
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Fig. 3. The histogram of u∗g′r′i′z magnitudes of all CFHTLS Wide galaxies in the FastSound footprints (dotted), FastSound target galaxies (dashed), and
galaxies that the fibers were actually allocated to (solid). The cutoff of z′-magnitude at 23.0 is due to our selection condition.
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Fig. 4. The histogram of seeing (FWHM) for all the FMOS FoVs in the
FastSound survey.
depending on the quality of the data affected by weather condi-
tions.
Seeing was measured during the observing time for each
FoV, using an optical image of coordinate calibration stars (see
§4.2) taken by the sky camera (CCD camera in the Echidna
Focal Plane Imager). The seeing in the FastSound data ranges
from∼0.6 to 1.6arcsec with a mean of∼1.0arcsec in FWHM,
as seen in Figure 4.
4.2 Fiber Allocation Procedures
Fibers were allocated to the selected targets using the software
Spine-to-Object (S2O, version 20101007). S2O takes “.fld”
files prepared by users with the coordinate list of science tar-
gets as input and produces “.s2o” files as outputs containing the
allocation results. In addition to science targets, several types of
stars need to be included in the .fld files: guide stars, coordinate
calibration stars (CCS), and flux calibration stars (FCS). We
used the Two-Micron All-Sky Survey (2MASS) point sources
catalog (Cutri et al. 2003) with available NIR magnitudes for
these stars. To reduce the systematic uncertainties about the
coordinates given in 2MASS and CFTHLS, we examined the
cross-matched objects between the two, and found systematic
offsets (typically ∼ 0.07 arcsec, depending on the four fields
of W1–4) between the coordinates reported by these two sur-
veys. These offsets reduce the number of cross-matched stars,
and hence this offset was corrected for each of the four fields,
and the cross-match was taken again. The random errors for
individual objects between the two systems are typically ∼ 0.2
arcsec. We used these cross-matched objects as the star sample
for all FastSound observations, using the CFHTLS coordinates
for them to be consistent with target galaxies.
FMOS requires at least three guide stars near the edge of
the FoV, and they should be bright in optical bands. We se-
lected guide stars which satisfy the following conditions: (i)
11.5<z′< 15.4, (ii) 11.5<R< 15.5, and (iii) located at 0.22–
0.30 deg from the center of a FoV. Typically 3–6 guide stars
were selected in the final s2o output. Guide stars are observed
by dedicated guide fibers of FMOS, and they do not affect the
number of scientific targets. Coordinate calibration stars (CCS)
were used to correct the rotational offset of FoV. We selected
∼ 5 CCSs close to the center of FoV and ∼ 10 distant from the
center. CCSs in the outer regions provide an efficient rotational
calibration, while CCSs near the FoV center are used for focus-
ing. The sky camera takes the image of CCSs and hence no
fibers need to be reserved for these stars. The selection criteria
for the CCSs were (i) 11.5<z′< 15.4 and (ii) 11.5<R< 15.5.
Faint stars (15–18 mag in JH bands) are needed as FCSs for
spectral calibration of science targets. We allocated about eight
fibers to FCSs (i.e., four stars for each of IRS1 and IRS2), which
are the same fibers as those for scientific targets. The selection
criteria were (i) 0.3 < g′− r′ < 0.5, (ii) 16.5 < r′ < 18.0, and
(iii) H > 16.25. These conditions were driven by the desire to
select G type stars for calibration as they have flat spectra and
do not have strong absorption lines in H band.
The parameters adopted in the S2O software are as fol-
lows. The beam-switch offset was set to be (10, 0) arcsec in
the Echidna system coordinates. The target priority (“1”=high-
est and “9”=lowest) was set to “1” for guide stars and “3” for
other objects. Another important parameter for fiber allocation
is position angle (PA) of FoV relative to the celestial sphere. For
each FoV, we tried various PAs to find the best one, for stable
guiding (i.e., a sufficient number of guide stars) and to maxi-
mize the number of science target galaxies. For each FoV we
checked that roughly equal numbers of FCSs were included for
IRS1 and IRS2 fibers, and that the FCS fibers were not at edge
of the detectors, to avoid a decrease of flux calibration accu-
racy. We accepted redundant observations and we did not omit
galaxies at the edge of FoV from our target list, even if they
were already observed by an adjacent FoV.
Typically we allocated ∼ 360 fibers to objects, although
there are ∼ 400 fibers and ∼ 500 targets within a FoV, which
is mainly due to the fiber collision and non-uniform distribution
of galaxies on the sky. This is illustrated in Figure 5 as a his-
togram of the fiber allocation percentage relative to the number
of target galaxies selected by the FastSound selection condition
(§3). The home positions of FMOS fibers are in a regular tri-
angular lattice pattern with the fiber spacing of 84′′ , and there
is no inaccessible area in the FoV because the patrol area of the
fibers is 87′′ arcsec in radius. However, the minimum allowed
separation between neighboring fibers is 12′′ arcsec. Therefore
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Fig. 5. The histogram of the fraction of fiber-allocated galaxies in those se-
lected as the FastSound target galaxies in §3.
spines cannot be allocated to a pair of galaxies if they are closer
than ∼ 12′′ arcsec. This effect will be taken into account in
the clustering analysis reported in the forthcoming FastSound
papers.
Figure 6 shows the accuracy of fiber allocation to targets,
derived as the difference between input fiber positions in the
“.s2o” files and those recorded during observations. The offset
is within 0.12 arcsec for almost all targets, which is consistent
with the designed performance of the Echidna system (Kimura
et al. 2010).
4.3 A Note on OH Masks
The OH mask mirrors are an important feature of FMOS and
are used to suppress the strong OH airglow in the near-infrared
bands. When the FastSound observations started (Mar. 2012),
two different mask mirrors were used for IRS1 and IRS2, made
by different techniques: thin stainless steel wires were placed at
the positions of OH airglow lines for IRS1, while the mirror of
IRS2 was directly coated with reflective gold. There was also a
difference of the masked wavelength regions between the two;
the mask mirror of IRS2 masked fewer OH lines than that of
IRS1, because the former did not cover some faint OH lines. It
was found that the IRS2 mask worked better and was more sta-
ble than IRS1, because the steel metal was sensitive to minute-
scale changes of temperature in the refrigerator. Therefore the
IRS1 mask mirror was replaced with that masking the same
wavelength regions and made by the same technique as IRS2 in
an engineering run conducted in Sep 7–9 2012, i.e., during the
2-year FastSound observation campaign. This change will be
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Fig. 6. The fiber pointing accuracy for the FastSound scientific target galax-
ies, showing the residual between the actual fiber positions and input coor-
dinates of targets.
appropriately taken into account in the galaxy clustering analy-
sis. The proportion of the masked wavelength region for IRS1
decreased from 22% to 10% in the whole FMOS wavelength
range in LR, and from 27% to 16% in the HR wavelength range
(H short+) used for FastSound, by this upgrade.
5 Data Reduction
The FastSound data were reduced with the FMOS data reduc-
tion pipeline (FIBRE-Pac: Iwamuro et al. 2012). The soft-
ware performs relative flux (i.e., spectral shape) calibration by
choosing one of the flux calibration stars clearly seen on the
2D image in a FoV. The line flux reported in the FastSound
catalog is calculated from the observed counts of the final spec-
tral data produced by FIBRE-Pac, where the counts are normal-
ized so that 1 count per pixel corresponds to 1µJy. It should
be noted that this absolute flux normalization is not calibrated
by FCSs, but by assuming a fixed total throughput of 5% (in
the HR mode) obtained in good observing conditions (Iwamuro
et al. 2012). Varying observational conditions and the fiber
aperture effect against point sources can be corrected by the
quantity fobs, which is defined as the ratio of the flux calcu-
lated by FIBRE-Pac for a FCS to that reported in the 2MASS
catalog. There is typically ∼ 20% scatter in fobs for individual
FCSs within a FoV, caused mainly by fiber positioning errors
and chromatic and/or instrumental aberrations. The average of
fobs within each FMOS FoV (〈fobs〉) was calculated and in-
cluded in the FastSound catalog. In Figure 7, we show the dis-
tribution of 〈fobs〉 of all the FastSound FoVs, whose average
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is ∼ 0.6. The total flux from a point source can be estimated
by dividing the line flux in the FastSound catalog by 〈fobs〉,
but for extended sources, an additional correction for the fiber
aperture effect would be required to estimate the total flux. The
detailed procedure to convert the uncalibrated flux in the cata-
log to the calibrated total flux from emission line galaxies will
be described in Paper II (Okada et al. 2015).
Emission lines were searched for automatically using
the software, FMOS Image-based Emission Line Detection
(FIELD), developed for the FastSound project (Tonegawa et al.
2014b). We briefly summarize the algorithm here. The contin-
uum component is first subtracted from the 2D spectral image.
Then the 2D image is convolved with a 2D Gaussian kernel that
has a similar wavelength and spatial dispersion to the typical
line profile of star forming galaxies. The line signal-to-noise is
calculated by this convolved flux and its error, and the peaks are
searched along the wavelength direction. Special care needs to
be taken to reduce the number of false detections in the neigh-
borhood of the OH mask regions, which is especially important
for a line search in the FMOS data. Peaks with S/N larger than
a given threshold are selected as the line candidates.
In order to avoid multiple detections from one emission line,
we set the minimum separation of candidates to be 20 pix along
the wavelength direction. If there were more than two S/N
peaks within this separation, we selected the one with the largest
S/N as a line candidate. The 20 pix scale corresponds to
∼ 440km/s, and therefore emission lines of normal galaxies
with a velocity dispersion of <∼ 200 km/s should not be blended
with neighboring line candidates. Finally, we removed a small
fraction of objects from the candidate sample, by using some
2D shape parameters indicating that they are spurious objects.
In this way we detected 4,797 emission line candidates at
S/N ≥ 4.0 in all the FastSound data set (see Table 2 and Figure
8 for the dependence on S/N). It should be noted that the num-
ber of galaxies hosting these candidates is 4,119, because∼200
galaxies are detected with more than two different lines (see
Paper II, Okada et al. 2015), and ∼ 400 galaxies are detected
in two different FastSound FoVs because they were observed
twice in the regions of two overlapping FMOS FoVs. Typically,
the number of detected emission line galaxies in one FMOS
FoV is about 10% of the 400 fibers. This relatively low success
rate is consistent with that obtained in our pilot observations
reported in a previous paper (Tonegawa et al. 2014a). In that
paper, we discussed the factors determining the success rate,
by checking how Hα emitters found in a narrow-band survey
were omitted from the FMOS targets. The main reasons were
the uncertainty in the photometric redshift estimates, which is
large relative to the FastSound redshift coverage, and the uncer-
tainty in the Hα estimates. There are about 380 Hα emitters in
one FMOS FoV whose Hα fluxes are detectable by FMOS, and
hence a detection efficiency close to 100% should be possible,
Table 2. The statistics of the detected line
candidates in all the FastSound data set.*
Obj.−Sky (1) Sky−Obj. (2) Contamination (2)/(1)
S/N ≥ 5.0 3,080 72 2.3%
S/N ≥ 4.5 3,769 170 4.5%
S/N ≥ 4.0 4,797 441 9.2%
S/N ≥ 3.5 6,805 1,510 22.2%
S/N ≥ 3.0 12,795 6,279 49.1%
*Statistics for both the normal (Obj.−Sky) and inverted (Sky−Obj.) im-
ages are presented. The inverted frames should include only spurious
objects.
if the target selection is perfect. However, only about 1/3 of
them remain after the photo-z cut, and another ∼ 1/3 remain
after the Hα flux and color cuts, resulting in ∼ 10% detection
efficiency.
All the 4, 797 line candidates cannot be guaranteed to be
real emission lines, as the false line detection rate cannot be re-
duced to zero. The false detection rate increases with decreas-
ing threshold of the line S/N . We estimated the number of
false detections by applying FIELD to inverted images, which
are obtained by exchanging object and sky frames in the reduc-
tion process. It is expected that the rate of false detection of
spurious objects should be the same for the normal (Obj.−Sky)
and inverted (Sky−Obj.) frames, because the analysis proce-
dures are exactly the same except for swapping the object/sky
frames. (Absorption lines may appear as emission lines in the
inverted frames, but the continuum emission is hardly detected
for most of FastSound galaxies and absorption lines are under
the detection limit.)
The numbers of detected line candidates in all the FastSound
data in normal and inverted frames are summarized in Table 2
and shown as a cumulative histogram of S/N in Figure 8. The
contamination of spurious objects is about 10% above S/N =4,
and sharply increases for a lower S/N threshold. Therefore
the number of real emission lines detected by FastSound can
be estimated to be about 4,300 at S/N ≥ 4. The 441 lines at
S/N ≥ 4 in the inverted frames are hosted by 398 galaxies, and
hence the number of galaxies with real emission lines above this
S/N should be 4,119− 398 ∼ 3,700. More than 90% of these
lines are expected to be Hα (Tonegawa et al. 2014a; Paper II).
The wavelength of the detected objects in normal and in-
verted frames are presented against S/N in Figure 9. Here, the
wavelengths were derived by 1D Gaussian fits with a velocity
dispersion as a free parameter for detected lines. When an OH
mask region is overlapping with a line, the line center may be
on the mask region. The number of fake lines on the inverted
frames rapidly increases below S/N = 5.0, indicating that one
should adopt some S/N threshold not to include spurious ob-
jects into analysis.
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6 Conclusion
This is the first in the series of papers based on the FastSound
project, a cosmological galaxy redshift survey designed to de-
tect redshift space distortions (RSD) in the clustering of galax-
ies at z ∼ 1.4. The survey targets Hα emission line galaxies
using the near-infrared fiber multi-object spectrograph (FMOS)
of the Subaru Telescope, which has a circular FoV with 30 ar-
cmin diameter including 400 fibers. The main scientific goal
of the project is to investigate the origin of the accelerated ex-
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Fig. 8. The cumulative S/N distribution of all the emission line candidates
in the FastSound survey. The solid and dashed lines show the number of
candidates detected in the normal and inverted frames, respectively. The
number of real emission lines can be estimated by the difference between
the two.
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pansion of the Universe and to test General Relativity using a
measurement of the growth rate of large scale structure.
In this paper, we presented the survey design, the observa-
tion strategy and the basic data reduction adopted by FastSound.
We used the CFHTLS Wide catalog in the four fields (W1–
W4) to select potential target galaxies, and selected galaxies ex-
pected to have high Hα flux based on photometric estimates of
redshifts and star formation rates using the five CFHTLS optical
bands.
The observations were carried out over 35 nights from April
2012 to July 2014. We observed 121 FMOS FoVs in total (10,
39, 54, and 18 for W1–4, respectively), corresponding to a total
area of 20.6deg2 tiled with a continuous hexagonal pattern. The
data processing was done using the standard FMOS reduction
pipeline (FIBRE-Pac) and the automatic line detection software
for FMOS (FIELD). We detected ∼ 4,700 emission line can-
didates at S/N ≥ 4.0 corresponding to the line flux sensitivity
limit of ∼ 2×10−16 erg cm−2s−1. About 10% of these should
be spurious detections, as judged from the statistics using the
inverted frames. Removing duplications by multiple lines in a
galaxy and by galaxies observed twice, the number of real emis-
sion line galaxies is estimated to be ∼ 3,700 at S/N ≥ 4. More
than 90% of these are considered to be Hα emitters at z ∼ 1.2–
1.5, and most of the non-Hα contaminants are [OIII] emitters at
z ∼ 2 (see Paper II, Okada et al. 2015).
The forthcoming papers will report on the properties of de-
tected emission line galaxies and the FastSound catalog (Paper
II, Okada et al. 2015), on metallicity evolution (Paper III, Yabe
et al. 2015), on galaxy clustering analyses to derive cosmolog-
ical constraints (Paper IV, Okumura et al., in preparation), and
other topics such as the analysis of halo occupation distribution
to determine the relationship between the emission line galaxies
and their host halos (Hikage et al., in preparation).
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